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PROJPERTIES Or HOT-PRESSED BARIUM TrIANATE

iNTRO DVC 7 os

The objective of the- program described was to develop a technique for producing a I
dense, hot-pressed barium titanate sample having an average grain size of le~z- than on(
and to compare its electrical properties with those of convendionally-fired bai -n titana

Barium titanate hJ been hot-pressed by others using graphite dies. '.1ot-pres,'!ng it
res~L~t in reduced :bari.um titanate ceramic which, upon subsequent oxiAU-.ion, was : ubje
grair growth. Hlot-pressing of cadmium niobate in ceramic dies had previously been den
at USASRDL by DeBrettpvil, et &I, I and barium ttnt a enhtpesdadsr
propertie-s reported by Tennery. 2  ttnt a 'e o-rse n o

Further'development of the hot-pressing technique has enabled the authors to produc
..~reduced samples of extremnely fine grain structure %hose electrical propertics Rrt, of

METHOD

The hot-pre.,sing apparatus consists of an induction furnace used in conjunction wit
and die assembly. An over-all view of the assembled appart.,us is shown in Figure 1.

Trhe induction power supply is a 20-kA, 10-kc motor g'en'.rawor, which aliibw. rapid hit
with good control. The furnace, which wats assembnled r.a the platen of the pres F, " as a
insulating fire brick cut to fit inside the induction coil e.,d around the die assembhly. A
tional, mranually-operated hydraulic laboratory jires.4 was used. The furnace anid die as.,
are shown in Figure 2

The ceramic dies which have proven most effe tjve for our work with barium titaniate
100'G, stabilized zi rconia made slightly porous to i~n prove thermal shock resistance. Ot
materials such as alumina and alurriin puiceiains can also be used with some degree of
A -tainlessm steel busbhng was shrunk onto the ceramic sievve to serve as the sus;cpptor
adcd !r'echairical support.

The method used to prevent adherence of the material being pressed to the reramic
cn,hed the !iaiple in a relaI,,ely coarse zirconia powder (TVNI No. 45(06E). Thi: method
sticking to the die and talowed the sample to be ejected easily while hotL. The amount c
that diffused into the .sample during firing has not been determnied, but .he layer of zirci
thai adhered to the surface of the sample %as easily removed hy grirlr~ig.

PROCEDURF

- M.pv xc of harium t~tanatc !,'S inch 5 :ju diauieter than the zircagria die v
proforrt' d at 10,000 psi with r~o hinder. This preformed disc % as loaded into the hot-pre
in s-uch a manner as to h., completely encapsulated in zirconia placing sand. The loader
%kr auerlined in (he induc'tion coil, and a prassuie of 6000 psi was applied and maintainer
out the treating cycle. Tie rate of healing was coitrlled ir such a manner that'a tf-mpe

OO F % q: reached in ten minutes. The aePfi~ple was hel~i ,o this temperature 0.n4 press
t%%Pnr% minutes and then quick*.% ejected !ror. the die an,, leuried in vermiculite t coul
onhing, thre sarnple %as removed from its zirconia aaw jrrc. 1 d t,; the desir-ci shape,

polishpd.
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FIG I HOT-PRESSING APPARATUS
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FIG 3 FRACTURED SURFACE OF HOT-
PRESSED BATOa
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FIG 4 FRAC TURD SURFACE OF KIL,.N-
F!RED BATe Os
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bn-r, e tatlSr0BIT;() h" •i r ilM

. ':7 ,-,..... 3..';c coolir= fro-, 120?'C, but little or -ao piezoelectric response was

C(L CT.V 1ONs

Tc hor.p-esi-r tecLniq-je d e in thi. re.o.rt produced a dense, nonreduced barium
t-rar.a!e savr'le %ith no apnarent zrain cro'th. The i:mring factor in p:odu -ing a .rne-grained1
-,atJ. 'c~dx ,: in the partile .rii cf t-,e raw mav rials. A projeaf tas been initiated to 0r:!d'
a BaTiO, pjder with an a~erage particie size of les- tha. (l !,JCron.

i .e ielectric properues of !-e,:e materials were greatly enhanced by small crystallite size,
! :],e piezoelectric resrnorse vas almotr completely eliminated. These results ,ho% the sip-

of tl effeut of den!'itx and grain size on the ferroele.tnc properwes of barium titaRiate
Lrd idic, - ,tv an exten.ion of this study over a wider range of particle sizes, particularly
~"c',, (.! micron, might be expected to produce new or improved electrical properties in
ferroelectric materials.

AC.KNO%% LEDGMFNT ,

Tre .u'ors :rp grat&-ful ti John C.*iarlton and Anne Dunlap of the Inorganic Dielectrie-q Tear
for cc.-pii ng fi! (he electrcal measurements;,to Sam DiVita and Ronald Brandmayr ot Lhe In-
orga:it. Dielectrics Tear and Nelson Tprh,,,,,, f-r-Chi !f f the inorga.. .- , i. Ta..... .. g a .*., i,.,,, c Me Le'tt'ICS Team ,

for teir gui0dance and assistance in preparing this report; and to Charles Cook, Jr., of the
Explorator% Re.earch Division "E" for the instructions in electron microscopy.
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